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T h i s book s u m m a r i z e s r ecen t advances in 
i n fo rma t ion o n the p o r p h y r y c o p p e r depos i t s 
of sou th wes t e rn N o r t h Amer ica . It is a sequel 
to a n ear l ie r s u m m a r y v o l u m e pub l i shed by 
t h e s a m e g r o u p in 1966. T h e new v o l u m e is 
ind i spensab le for a n y o n e in te res ted in c o p p e r 
depos i t s a n d a valuable r e f e r e n c e for those 
w o r k i n g in fields r a n g i n g f rom t h e pe t ro logy 
of silicic igneous rocks to t h e tectonic evolu­
t ion of wes te rn N o r t h Amer i ca . T h e v o l u m e 
is par t icular ly significant because p o r p h y r y 
c o p p e r s a r e by far t h e mos t i m p o r t a n t class 
of depos i t s in t e rms o f global c o p p e r reserves 
a n d , mos t impor t an t ly , because sou thwes t e rn 
N o r t h Amer i ca con ta ins a n unusua l ly l a rge 
n u m b e r a n d variety o f these depos i t s . 
I n us ing this v o l u m e it is i m p o r t a n t to k e e p 
in m i n d tha t 16 of t h e 27 c h a p t e r s w e r e writ­
t en largely o r ent i re ly by geologists f rom in­
d u s t r y whose first responsibi l i ty is to exp lo ra ­
t ion a n d p r o d u c t i o n r a t h e r t h a n to r e sea rch 
a n d publ ica t ion. It is n o small task for these 
geologists to obta in m a n a g e m e n t pe rmiss ion 
to wri te p a p e r s abou t the i r depos i t s o r , in 
fact, to find t ime to wri te . It is a n even t o u g h ­
e r j o b to coo rd ina t e a v o l u m e such as this 
wi th con t r ibu t ions f r o m academia , indus t ry , 
a n d g o v e r n m e n t , a n d we can be gra tefu l to 
e d i t o r S p e n c e r Tit ley for his c o m m i t m e n t to 
this project . 
T h e v o l u m e is d iv ided in to two pa r t s . T h e 
first p a r t con ta ins 13 art icles o n selected 
topics in p o r p h y r y c o p p e r geology inc lud ing 
g e n e r a l s tudies of t he g r a d e , t o n n a g e , a n d 
economics of wor ldwide p o r p h y r y c o p p e r d e ­
posits as well as m o r e specific, sou thwes t e rn 
N o r t h America—oriented p a p e r s o n t h e geo­
logic se t t ing of t he depos i t s ; the i r t h e r m a l 
evolu t ion , f rac ture , a n d d ike p a t t e r n s ; al ter­
a t ion mine ra logy , chemis t ry , cha rac t e r , a n d 
evolu t ion ; associated s k a r n a l t e ra t ion a n d 
minera l iza t ion ; l eached c a p p i n g s ; a n d geo-
chemica l exp lo ra t ion t echn iques . T h i s section 
also inc ludes m o r e specific p a p e r s o n p r i m a r y 
me ta l d i spers ion haloes a r o u n d t h e Kalama­
zoo depos i t , t h e geochemis t ry of sulfur a n d 
c o p p e r at t he Ray depos i t , a n d t h e pe t ro logy 
o f t h e Ray igenous rocks . M u c h , t h o u g h no t 
all, o f t h e i n fo rma t ion in this sect ion has a p ­
p e a r e d in p r i n t previously , so t h e va lue of 
t hese p a p e r s m u s t lie in the i r success in d r a w ­
i n g new a n d useful conclus ions . Par t i cu la r 
success a long this l ine is seen in t h e c h a p t e r s 
o n a l te ra t ion mine ra logy a n d o n leached cap ­
p ings . T h e second sect ion inc ludes 13 p a p e r s 
o n depos i t s tha t h a d n o t b e e n desc r ibed p r e ­
viously in any detai l o r for which significant 
n e w da t a h a d b e c o m e available wi thin t h e last 
d e c a d e . T h e p a p e r s in this section vary wide­
ly in quali ty, b u t all p r o v i d e at least a basic 
geologic f r a m e w o r k for t h e depos i t s . Par t icu­
larly c o m m e n d a b l e in this section a r e t h e at­
t e m p t s tha t have b e e n m a d e to p r o v i d e infor­
m a t i o n o n t h e re la t ion be tween c o p p e r a n d 
m o l y b d e n u m g r a d e s a n d re la ted geologic fea­
tu re s . C o m p r e h e n s i v e desc r ip t ions such as 
this a r e necessary if we a r e to d e v e l o p t ruly 
realistic gene t ic m o d e l s for these depos i t s . 
C o n s i d e r e d in its geologic a n d edi tor ia l 
con tex t , this v o l u m e c a n n o t be criticized to 
any real ex ten t . Its b r o a d e s t s h o r t c o m i n g , t h e 
fa i lure to p r o p o s e genet ic mode l s for t h e p r o ­
cesses a n d depos i t s tha t a r e discussed, is actu­
ally a realistic reflection of t h e e x t r e m e com­
plexity of these depos i t s a n d o u r still l imited 
r e sea r ch p r o g r e s s o n t h e m . T h e lack of a 
c h a p t e r o n geophysica l exp lo ra t i on m e t h o d s 
for these depos i t s is in p a r t m a d e u p for by 
i n f o r m a t i o n in t h e recent ly pub l i shed 75 th 
ann ive r sa ry v o l u m e of t he Society of Eco­
n o m i c Geologis ts . T y p o g r a p h i c a n d il lustra­
t ion e r r o r s a r e r e m a r k a b l y scarce. 
T h i s v o l u m e will n o d o u b t r e m a i n a valu­
able sou rce of da t a for s t u d e n t s of late m a g -
mat ic minera l i z ing processes for m a n y years 
to c o m e a n d , it is h o p e d , a s ta r t ing po in t for 
a t h i rd , a n d final (?) s u m m a r y v o l u m e n e a r 
t h e e n d of t h e n e x t d e c a d e . 
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T h e field of subsur face hydro logy was per ­
h a p s t he last a r e a of hyd ro logy to a b a n d o n 
strict d e t e r m i n i s m a n d to i n c o r p o r a t e in to its 
analysis t he a m p l e unce r t a in ty a r i s ing f rom 
t h e s t r u c t u r e a n d p r o p e r t i e s of t h e m e d i u m . 
Recen t years have seen an exp los ion of activi­
ty in this a rea , howeve r , m a d e possible in 
la rge p a r t by t h e p i o n e e r i n g con t r i bu t i ons of 
this year 's R o b e r t E. H o r t o n A w a r d w i n n e r . 
His early p a p e r s o n t h e spatial variability of 
aqui fer p a r a m e t e r s es tabl ished a g e n e r a l 
Tramework for t h e t r e a t m e n t of r a n d o m hy­
drau l ic conduct iv i ty var ia t ions in an aqu i fe r 
by m e a n s of s tochast ic dif ferent ia l equa t ions . 
T h i s p r o v i d e d t h e basis for his i m p o r t a n t lat­
e r work o n t h e stochastic t h e o r y of mac rod i s -
pe r s ion in n o n u n i f o r m p o r o u s m e d i a . T h e 
impac t of his c o n t r i b u t i o n s is ev iden t f rom 
t h e l a rge n u m b e r of r e c e n t sympos ia a n d 
publ ica t ions d e v o t e d to t h e stochastic desc r ip ­
t ion of g r o u n d w a t e r flow a n d f rom t h e fact 
tha t his work is r e f e r r e d to extensively in t h e 
l i t e ra tu re . 
H e d id all his fo rmal academic work at t h e 
Universi ty of Wisconsin a n d first j o i n e d t h e 
M I T faculty in 1964. H e left M I T for t he 
New Mexico Ins t i tu te of Min ing a n d T e c h ­
nology in 1973 a n d re jo ined t h e M I T faculty 
this past S e p t e m b e r . H e is a p e r s o n a l f r iend 
of long s t a n d i n g a n d I can th ink of n o o n e to 
w h o m I would r a t h e r p r e s e n t t h e 1982 Rob­
er t E. H o r t o n A w a r d t h a n L ynn W. Ge lha r . 
P. S. Eagles on 
Acceptance 
It is a p l ea su re to receive this a w a r d no t 
only as an indica t ion of ind iv idua l achieve­
m e n t bu t also as r ecogn i t ion tha t stochastic 
subsur face hydro logy has b e c o m e well es tab­
lished as a legi t imate a r ea of r e sea rch . T h i s 
has no t always b e e n t h e case. T e n years ago 
w h e n I first b e g a n to work in this a r ea o n e of 
the l ead ing g r o u n d w a t e r r e s e a r c h e r s s t rongly 
advised m e tha t t he stochastic a p p r o a c h was 
unnecessa ry because g r o u n d w a t e r flow is 
comple te ly desc r ibed by de te rmin i s t i c equa ­
t ions. Need less to say I d id not h e e d tha t ad­
vice. 
I wan t to a c k n o w l e d g e t h e con t r i bu t i ons of 
col leagues at New Mexico T e c h a n d M I T 
w h o have w o r k e d with m e a n d h a d an i m p o r ­
tan t inf luence o n my t h i n k i n g in this a rea . 
Also, I have b e e n f o r t u n a t e to have h a d a 
succession of s h a r p g r a d u a t e s t u d e n t s w h o 
have w o r k e d with m e in this a r ea a n d have 
benef i ted f rom s o m e s t imula t ing c o m p e t i t i o n 
f rom indiv iduals like G e d e o n D a g a n . 
I wou ld like to offer s o m e of my pe r spec ­
tive o n t h e a r e a of stochastic subsur face hy­
dro logy . T o m e this is m o r e t h a n a ques t ion 
of probabil is t ic t h e o r y o r c o m p u t a t i o n a l 
me thodo logy . I n my view t h e mot iva t ion for 
a stochastic a p p r o a c h p r e s e n t s itself r a t h e r 
s t rongly in field observa t ions of t h e n a t u r a l 
variability of p r o p e r t i e s such as hydrau l i c 
conduct ivi ty . T h e key e l e m e n t of t h e s tochas­
tic a p p r o a c h is t h e c o u p l i n g of tha t n a t u r a l 
variability with well-establ ished physics which 
is based o n con t ro l l ed l abora to ry e x p e r i ­
men t s . T h e goal is a quan t i t a t ive desc r ip t ion 
of t he con t ro l l ing , large-scale processes which 
d e t e r m i n e field-scale behav io r . T h e stochastic 
a p p r o a c h expresses tha t large-scale behav io r 
in t e r m s of t h e e x p e c t e d value , a n d second 
m o m e n t analysis gives a m e a s u r e of t he vari­
ability of t h e p red ic t ion a b o u t t h e m e a n . 
T h e field of s tochast ic subsur face hyd ro lo ­
gy has benef i ted f rom a diversi ty of m e t h o d ­
ologies; c o m p a r i s o n s of resul ts have m a d e it 
possible to d e v e l o p conf idence in t he reliabil­
ity of t h e var ious m e t h o d s . For e x a m p l e , in 
the very i m p o r t a n t case of solute t r a n s p o r t 
t h r e e distinctly d i f fe ren t m e t h o d s of analysis 
by i n d e p e n d e n t r e s e a r c h e r s (Dagan, 1982; 
Gelhar and Axness, 1983 ; Winter, 1982) all have 
p r o d u c e d essentially t h e s a m e resu l t for t h e 
macroscopic d i spe r s ion coefficient. T h e r e ­
sults in this case have i m p o r t a n t pract ical im­
plications. First of all, t h e t h e o r y shows t h a t 
the m e a n behav io r , as ref lected in t h e m a c r o -
d i spers ion coefficient, is s t rongly in f luenced 
by t h e va r iance of t h e l o g a r i t h m of hyd rau l i c 
conduct ivi ty . T h i s is in con t ra s t to t h e h e a d 
p red ic t ion p r o b l e m w h e r e m e a n behav io r is 
only weakly d e p e n d e n t o n log-conduct ivi ty 
var iance . Second , n e a r t h e source , t h e m e a n 
concen t r a t i on field is n o t desc r ibed by t h e 
classical convect ive d i spe r s ion e q u a t i o n ; t h e 
d i spers ion coefficients d e p e n d o n displace­
m e n t d i s tance , a n d h i g h e r o r d e r der iva t ives 
